This study examines relative trends in the radiometric calibrations of AIRS and IASI. The stability of the AIRS calibration in window channels over tropical oceans has been shown to be 5 mK/yr or better using 9 years of data. IASI data have been available for five years, and during IASI's time in operation there have been significant El Niño and La Niña events. Those events introduce uncertainty into trend determinations that are more significant for IASI because of its shorter time in operation. When IASI and AIRS are directly compared in a double difference, the El Niño / La Niña effects cancel, allowing for an improved measurement of any instrumental trends in IASI over what can be done using IASI data alone. We find no significant relative trend between the two instruments. We do, however, find some data incompleteness effects for IASI that could introduce spurious trends over certain areas if ignored.
INTRODUCTION
Hyperspectral infrared sounders have shown themselves to be extremely useful for improving the accuracy of weather predictions. They also have the potential to contribute significantly to studies of climate change. However, the requirements on radiometric accuracy are much more stringent for climate studies than they are for weather. Not only must the mean bias and standard deviation of measured radiances be low. It is necessary that these parameters not have unknown dependencies on time, scene temperature, geographic location, presence or absence of clouds, surface emissivity, instrument scan angle, and possibly other variables. It is also required that data records be accurately intercomparable between instruments, so that a long-term record can be accumulated.
There are three very high quality hyperspectral infrared sounders operational in space today. But one, CrIS 1 , has been up too short a time to be used in this study. Here we analyze data from the other two. The Atmospheric Infrared Sounder 2 (AIRS) has 2378 spectral channels in the range 3.7 to 15.4 microns with some gaps. AIRS is on NASA's EOS Aqua spacecraft. The Infrared Atmospheric Sounding Interferometer 3 (IASI) has complete spectral coverage from 3.6 to 15.4 microns. IASI is on the European Space Agency's METOP-A spacecraft. Both instruments are in sun-synchronous orbits at similar altitudes (705 km for AIRS; 815 km for IASI). AIRS is in a 1:30 orbit whereas IASI is in a 9:30 orbit.
In a previous paper 4 we compared AIRS and IASI radiometry in two window channels (1231 cm -1 and 961 cm -1 ) and found that they compare well under a wide variety of circumstances including location on the globe, scene temperatures, scan angle, and time of day. In this study we use the same two window channels and compare AIRS and IASI versus time over a nearly five-year period. The purpose is to look for relative trends between the two instruments. Such trends, if real and unexplained, would complicate the use of AIRS and IASI in climate studies. We found no statistically significant relative trend in most cases. However, the IASI self-emission problem, which causes IASI's on-board quality control to zero fill some spectra under certain conditions, introduced an apparent trend over Dome C. That trend disappeared when the IASI data incompleteness effect was accounted for. 
DATA DESCRIPTION
The AIRS data for this study come from a special purpose AIRS Calibrated Dataset (ACDS) generated from the standard AIRS Level 1B (calibrated radiances) data product. Sixty-three different spectral quantities were gathered into eightyfour groups as explained below. This process resulted in 63x84 = 5292 non-mutually-exclusive datasets. For each set the mean and standard deviation of the spectral parameter were calculated separately for 1783 days from July 1 2007 through May 31 2012. The 63 spectral quantities consisted of observations at window channels (including 961 cm -1 , 1231 cm -1 , and 2616 cm -1 ), (obs -calc) for those same window channels, and a number of other quantities not relevant to this study. Examples of the 84 geographic groups include clear data over specific areas (e.g., "clear tropical oceans day"), purely geographic criteria (Dome C and Surgut), deep convective clouds (DCCs) (such as "DCC tropical land day"), and some randomly selected spectra (not necessarily clear) such as "random global night". The (obs -calc) determination was restricted to clear tropical ocean data. For these spectra we calculated brightness temperature (calc) based on the known ocean surface emissivity and a split window technique (Aumann et.al. 5 ).
The IASI data come from a similar special purpose calibrated dataset from IASI Level 1C calibrated radiances. The IASI file covers the same time span as the AIRS and has the same 84 geographic groups. There are slight differences (as appropriate to the instruments) in the spectral quantities between the AIRS and IASI files, but this study only deals with window channels that are the same for both instruments.
RESULTS

Global trend using (obs -calc)
AIRS and IASI are in different orbits. IASI is at a higher altitude. More importantly, IASI is in a 9:30 orbit whereas AIRS is in a 1:30 orbit. Thus, diurnal effects lead to differences between AIRS and IASI that must not be confused with hardware effects. One way to reduce the many uncertainties in comparing different instruments in different orbits is to look at (obs -calc) instead of just the observations. Figure 1 shows AIRS and IASI (obs -calc) plotted together for the 1231 cm -1 channel. Each plotted point represents the mean for one day. Even using (obs -calc) there are several effects that need to be understood.
1. Both instruments show a cold bias of "obs" compared to "calc".
2. The AIRS cold bias has slightly greater magnitude than that of IASI.
bt1231 (obs -calc) Clear Tropical Ocean Day
3. There is a clear seasonal dependence of (obs -calc) for both instruments.
4. The far outliers in Figure 1 are almost all from IASI.
5. The AIRS seasonal minima are significantly deeper.
With the exception of point 4, the plot for clear tropical ocean day shows the same effects. The daytime data are shown in figure 2. Most of these effects are due to the fact that the test for "clear" is not perfect and also differs somewhat for AIRS and IASI. As described in reference [5] , the test for "clear" is a combination of a spatial coherence test (using a 3x3 array of pixels for AIRS and a 2x2 array for IASI) plus a simple check on water vapor (comparison of 1231 and 1227 cm -1 ). For IASI, its 10-micron imager is also used for a much stronger spatial coherence test.
Each of the above five points will now be discussed in turn:
1. When clouds leak through the clear filter, "obs" will be colder than "calc" predicts, because cloud tops are colder than the surface. The cloud leaks depend on the various thresholds used in the clear filter. The cold biases can be reduced to about 0.2 K by tighter filtering. As shown, the thresholds were set to produce typically 7000 "clear" spectra per day from each instrument. Given that this required different thresholds for AIRS and IASI, the degree of agreement between the two is somewhat artificial.
2. The IASI clear test is stronger than the AIRS test because of the use of the IASI imager. Therefore there is a little more cloud leakage for AIRS than for IASI. This leads to a small bias between AIRS and IASI of 100 mK for both day and night data, with IASI being warmer.
3. The seasonal dependence comes from the fact that cloud types differ seasonally, and some cloud types are less likely to be captured by the clear test than others.
4. The reason that the far outliers at night are all IASI points is not understood.
5. We believe that the larger depth of the AIRS minima is a diurnal effect, due to some cloud type that is present in the northern winter (southern summer) that appears preferentially at AIRS crossing times compared to IASI crossing times.
In order to reduce the impact of these cloud-related issues, we performed a least squares fit of the data to a low-order harmonic series that accounts for the seasonal variability. The result for AIRS is shown in Figure 3 and the result for IASI is in Figure 4 . We use the term "anomaly" to mean the difference between the (obs -calc) data and the fit to the harmonic series. The anomaly should have a mean near zero. Finally, we take the double difference, (AIRS obs -calc anomaly) minus (IASI obs -calc anomaly). The result is shown in Figure 5 . The thick black curve is a smoothed version of the data using a 32-day running mean. The trend for AIRS -IASI (obs -calc) is -4 ± 2 mK/yr (one sigma) at night and -2 ± 2 mK/yr daytime (one sigma). To summarize, after reasonably accounting for differences primarily due to diurnal effects, we conclude that with nearly five years of data there is no significant relative trend between AIRS and IASI, at least for the warm scene temperatures seen in tropical oceans and for channels in IASI bands 1 and 2. Although not shown here, had Figures 1-5 used data from channel 961 cm -1 the results would have been the same.
The next step will be to examine a wider range of scene temperatures using data from Dome C and Surgut.
Trends at Surgut
Surgut is a city in Siberia at latitude 65 N, where surface temperatures range between 230 and 300 K. Because of the high latitude there are typically 400 points per day from AIRS and 180 (400*4/9 almost exactly) from IASI. Figure 6 shows the AIRS and IASI daily means for this site, with one point plotted per day. This plot is not (obs -calc), because "calc" is difficult to calculate accurately over land. So the data plotted are straight brightness temperatures. Figure 7 shows the difference, AIRS -IASI, with the seasonal fit plotted. The mean difference is -0.232 K. There is also an annual cycle in the difference with amplitude about 3 K. The 5-year trend in the AIRS -IASI difference is +29 ± 73 mK/yr. Thus, although the Surgut data to not show a statistically significant trend, the orbital difference combined with the lack of reliable truth introduces too much uncertainty to prove that no trend greater than 10 mK/yr exists. 
Trends at Dome C
Dome C is a heavily studied site in Antarctica. It is interesting because it is close enough to the pole that polar orbiters cross over it typically eight times a day, yielding about 240 AIRS spectra and about 90 IASI spectra per day. Note that the IASI count is a little smaller than 4/9 of the AIRS number because of the IASI data completeness problem discussed below. AIRS and IASI overpasses of Dome C are typically separated by 10 minutes, although they are crossing in different directions. Dome C is a snow/ice covered high plateau so that scenes are highly uniform. Figure 8 shows the AIRS and IASI data at 1231 cm -1 for Dome C. AIRS and IASI track each other extremely well, except that the southern summer temperature peak is significantly higher for AIRS. This phenomenon has been noted by us previously 6 . It becomes important in the discussion that follows. Figure 9 shows the difference between AIRS and IASI daily mean brightness temperatures versus time. The trend is +91 ± 37 mK/yr (one sigma). Note that the difference is clearly cyclical with a maximum in the southern summer and minimum near zero in southern winter. To help clarify what is going on, we reproduce Figure 14 of reference [6] as Figure 10 below. It shows that at Dome C IASI has a deficit of observations in the range 240 K to some higher temperature that is at least 255 K. There are only 60% as many IASI scenes between 240 and 245 K as expected. very rare. AIRS sees all of these scenes. But IASI does not. When the scene is spatially uniform and when the scene temperature is in the range 240 to 255 or so, IASI is subject to internal cancellation between the signal and the instrument's own background. The result is a very low-signal spectrum that is usually zero filled by IASI's on-board quality control. So in the southern summer a daily mean of many AIRS brightness temperatures will be significantly higher than a daily mean of IASI measurements.
Another way to visualize the situation is to plot the data versus scene temperature instead of time. See Figure 11 , where the difference between AIRS and IASI at 1231 cm -1 is plotted versus the AIRS brightness temperature. Data for both Dome C and Surgut are shown. Note that the Surgut data clearly have a mean near zero at all temperatures except the very warmest, where IASI is warmer than AIRS. But for Dome C the difference is positive except at the very lowest temperatures (less than 205 K). Above 205 K the difference grows until flattening out around 225 K. We conclude from this plot that the AIRS and IASI calibrations agree at extremely low temperatures. For higher temperatures (at least up to about 280 K) we suspect they still agree, but that agreement is being masked by the IASI data incompleteness problem. To test this hypothesis we made a new plot, identical to Figure 11 except that, while gathering individual points for each daily mean, we excluded all points with brightness temperature in the range 240 K to 260 K for both AIRS and IASI. The result is shown in Figure 12 . Note how the Dome C points between 230 and 240 now cluster much more tightly and are much closer to zero. This means that IASI's data deficit above 240 K is contaminating daily means near 240 K but below it, skewing the AIRS -IASI brightness temperature differences for bt1231 with restricted dataset distribution of the points going into each day's mean. There are several possible effects here. One is clearly that the IASI internal cancellation problem combined with on-board quality control is distorting (towards lower values) daily distributions centered at or slightly above 240 K. In addition, some IASI spectra that pass the quality control test may still be affected by internal signal reduction, just not so badly that they fail the on-board test. If that is so, for scenes with temperatures below 240 K we expect there to be higher than usual noise and lower observed temperatures compared to what would have been seen if there were no cancellation. When scenes with temperatures between 240 and 260 K are eliminated, there is no relative trend between AIRS and IASI. For the relative bias we find AIRS warmer than IASI by 360 mK. That value is an upper limit-part of it is due to orbital differences and part of it is due to incomplete removal of IASI scenes affected by internal cancellation. We conclude that the AIRS and IASI radiometric calibrations agree very well at cold temperatures as well as warm, but that this excellent agreement is partially hidden by IASI data incompleteness. Note that special circumstances are needed for the internal cancellation effect to be important. Scene temperatures must be very cold (below 260 K) and the scene must be spatially uniform. Large-area frozen surfaces, such as seen at Dome C, are susceptible to the effect. So are large regions of the ocean when covered with low stratus clouds. This data incompleteness issue may complicate the interpretation of global mean values from AIRS and IASI. 
SUMMARY AND CONCLUSIONS
We have examined AIRS and IASI data for a nearly five year period, checking for relative trends between instruments that, if present, would greatly complicate the use of AIRS and IASI for climate studies. We used two window channels at 1231 and 961 cm -1 . We looked at clear tropical oceans both at night and during the day using the (obs -calc) technique to reduce effects of the differing orbits of AIRS and IASI. We then looked at Surgut to get a lower range of scene temperatures. Finally, we analyzed data from Dome C to get extremely low scene temperatures.
AIRS and IASI radiometric calibrations agree very well, but they do have small biases, which by themselves do not interfere with climate studies. Some of the bias may be real, but some of it is an artifact of differences in cloud sensitivity in the (obs -calc) analysis of tropical oceans. At Dome C some bias is due to IASI data incompleteness. Since this problem is likely to affect large regions of the ocean that are covered with low stratus clouds, it will complicate comparisons of global trends from the two instruments using data that include both clear and cloudy areas.
Over clear tropical oceans the (obs -calc) technique permits us to state with confidence that there is no relative trend between AIRS and IASI that would invalidate climate studies, at least for the channels we used. No statistically significant relative trend between AIRS and IASI was seen for colder scene temperatures at Surgut and Dome C. However, at these sites orbital differences add too much uncertainty to prove that there are no trends that could impact climate studies.
In areas with cold spatially uniform scenes, such as Dome C, IASI data are incomplete-ignoring this fact can lead to selection effects that could result in invalid inferences from the data.
In the (obs -calc) analysis of clear tropical oceans, all the far outliers among the daily means are from IASI-this phenomenon is not understood and needs further study.
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